The clinical, left ventricular and coronary angiographic data, and the technetium-99m stannous pyrophosphate (SSmTc-PYP) myocardial scintigraphic results are presented in 31 patients with unstable angina pectoris.
unstable angina pectoris, together with a descrip-myocardial infarction was established in 12 patients by tion of the clinical, left ventriculographic, and either review of previous records or by the presence of coronary arteriographic findings, forms the basis diagnostic Q waves on the electrocardiogram. for this report. All patients had myocardial imaging performed approximately 60 minutes after the intravenous injection of 15 mCi of technetium-99m tagged to 5 mg stannous Methods pyrophosphate (99mTc-PYP). The technical aspects and historical background of this imaging process have been
The 31 patients studied were admitted to the coronary reported previously from our institution (Parkey et al., care unit at Parkland Memorial Hospital, Dallas, Texas. 1974; Willerson et al., 1975 a, b) . The majority of the There were 19 men; the age range was 34 to 68 years myocardial scintigrams were obtained at the patient's (mean 52 years). Unstable angina for the purposes of this bedside using a portable Nuclear Data scintillation study was defined as either crescendo angina or acute camera. Scintigrams were generally obtained within 24 coronary insufficiency.
hours of admission and many of the patients had at least Acute coronary insufficiency represented that situa-one follow-up scintigram 2 to 4 days after admission. tion in which a single relatively prolonged episode of The imaging was done in at least three views: anterior, chest pain occurred in a patient with a background of left anterior oblique, and left lateral. stable angina pectoris. Eight patients presented with a
The myocardial scintigrams were graded on a 0 to history of stable angina in the past and one or more 4 + scale according to the degree of uptake of the recent episodes of angina lasting more than 30 minutes, radionuclide over a certain region of the heart, as dessimulating acute myocardial infarction. The presenting cribed previously (Parkey et al., 1974; al., episode of pain was more severe than previous ones and 1975 a, b). A negative scintigram is shown in Fig. 1 . was not entirely relieved by nitroglycerin.
Acute transmural myocardial infarction presents as an Twenty-three patients exhibited a crescendo angina intense, localized area of increased activity (3 to 4+) pattern. This was defined as a definite and progressive over the anatomical region of the heart corresponding to change in the pattern of stable angina without any electrocardiographic localization of the infarct (Fig. 2) demonstrable precipitating cause such as increased (Parkey et al., 1974; Willerson et al., 1975 a, b) . Acute physical activity, emotional stress, or discontinuance of subendocardial infarction, on the other hand, is characmedical therapy. Specifically, their angina was more terized scintigraphically by faintly positive, diffuse frequent, of longer duration, less responsive to nitro-99mTc-PYP myocardial uptake (2+) (Fig. 3 ) which is glycerin, and occurred with less provocation than pre-generally difficult to localize (Willerson et al., 1975 a, b) . viously.
Cardiac catheterization with selective coronary arterioThe cardiac rhythm was continuously monitored graphy was performed in each of these patients after the graphically in the coronary care unit. Standard 12-lead completion of the diagnostic studies described above. electrocardiograms and serial serum enzyme deter-These studies were done 3 to 14 days after admission minations were performed for at least 3 consecutive and after propranolol had been discontinued for at least days after hospital admission. Myocardial infarction was 24 hours. Left ventriculography was performed in the considered to have been excluded if there were: 1) no right anterior oblique position, and filming was done at 60 rise in serum AST or CK above normal values in the frames/s with a 35 mm camera. Left ventricular endabsence of intramuscular injections; 2) no new QRS diastolic and end-systolic volumes were determined by abnormalities on the electrocardiogram; and 3) non-the area length method (Kasser and Kennedy, 1969 figure. Note the increased uptake of the 99mTc-P YP in the anterior and apical regions of the heart. arteriographic lesions were considered significant if they that observed in patients with acute subendoproduced at least a 70 per cent reduction in luminal cardial infarction (Willerson et al., 1975 a, b (Tables 1 and 2) . et al., 1975 a, b) . This pattern (Fig. 4 
CI, coronary insufficiency; CA, crescendo angina; EF, ejection fraction; L, left anterior descending coronary artery; LM, left main coronary artery; C, circumflex coronary artery; R, right coronary artery. (Buja et al., 1975 a, b ); it has not been possible so far to show that ischaemic but non-necrotic cells take up 9smTc-PYP. The cellular basis for the accumulation of 9smTc-PYP by infarcted myocardium is thought to be the FIG. 4 A 99mTc-PYP myocardial scintigram ob-labelling of calcium which is deposited in crystalline tained from a patient with unstable angina pectoris. form in and near mitochondria in necrotic cells, but Note the faint and diffuse uptake of the 99mTc-PYP the possibility that polymorphonuclear labelling or in a pattern very similar to that shown in the preceding even that some other mechanism may play a part figure in which a subendocardial infarction was present.
has not yet been excluded (Buja et al., 1975 a, b) .
In experimental animals histological examination cularization was carried out in 13 patients, including of these regions has confirmed the correlation be-5 patients with left main coronary artery lesions and tween myocardial necrosis and increased isotope 5 patients with 2+ faintly and diffusely positive uptake (Botvinick et al., 1975; Stokely et al., 1976 Hudson, 1965; Eliot and Edwards, 1974) . in patients with unstable angina who have no electroThus, it seems possible that the positive 99mTc-PYP cardiographic or enzymatic evidence of infarction. scintigrams obtained in one-third of our patients On the other hand, we would treat the patient as with unstable angina pectoris do indeed indicate having a myocardial infarct rather than as unstable limited areas of subendocardial necrosis unde-angina pectoris, when the 99mTc-PYP myocardial tected by traditional means of diagnostic evalua-scintigram is 3-4+ positive, or there is a scintition, viz. electrocardiograms and enzymes.
gram that is positive and becomes negative in The higher than expected incidence of signi-association with a single prolonged episode of pain ficant lesions involving the left main coronary artery suggesting infarction, or a positive scintigram in our patients is consistent with some other associated with traditional evidence of myocardial previous observations (Vogel et al., 1975; Conti infarction. et al., 1973) . However, the patients with left main Any conclusions about the specific role of the coronary artery lesions could not be identified on 99mTc-PYP imaging technique in the long-term the basis of the 99mTc-PYP myocardial scintigrams management of patients with unstable angina would in this study. Also the finding of normal coronary be premature at present. However, it seems probarteriograms in 10 per cent of our patients with able that at least some if not all of these patients unstable angina pectoris is similar to that reported with unstable angina pectoris and 2+ diffusely and in other series (Conti et al., 1973; Alison et al., faintly positive 99mTc-PYP myocardial scintigrams 1975; Scanlon et al., 1973; Fischl, Herman , and have already sustained a small area of subendoGorlin, 1973).
cardial infarction undetectable by less sensitive There does appear to be a tendency for patients diagnostic tests. The 99mTc-PYP myocardial with positive 99mTc-PYP myocardial scintigrams scintigram should be a valuable aid in future innot to have a previous history of myocardial infarc-vestigations into the natural history of unstable tion but to have a clinical presentation of crescendo angina, and in the evaluation of other diagnostic angina with continuing chest pain after admission, methods that will be developed which are capable of as compared with those patients with negative detecting very small amounts of myocardial scintigrams. A possible explanation is that these damage. It should also be of help in evaluating patients have larger amounts of viable but yet therapeutic measures that are designed to interrupt severely ischaemic myocardium with small islands the progression of unstable angina pectoris to myoof cell death.
cardial infarction. The best treatment for patients with unstable angina is at present unknown. In some centres these We are grateful to Dr. Max Buja at the University of pangienas at prensientunknown.In sor me entrgesthese Texas (Southwestern) Medical School for discussion patients are considered virtual surgical emergencies, and advice.
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